Nerve growth factor (NGF) has been implicated as an important mediator in the induction of Cfibre bladder afferent hyperexcitability, which contributes to the emergence of neurogenic lower urinary tract dysfunction after spinal cord injury (SCI). In this study, we determined whether NGF immunoneutralization using an anti-NGF antibody (NGF-Ab) normalizes the SCI-induced changes in electrophysiological properties of capsaicin-sensitive C-fibre bladder afferent neurones in female C57BL/6 mice. The spinal cord was transected at the Th8/Th9 level. Two weeks later, continuous administration of NGF-Ab (10 g kg −1 h −1 , S.C. for 2 weeks) was started. Bladder afferent neurones were labelled with Fast-Blue (FB), a fluorescent retrograde tracer, injected into the bladder wall 3 weeks after SCI. Four weeks after SCI, freshly dissociated L6-S1 dorsal root ganglion neurones were prepared. Whole-cell patch-clamp recordings were then performed in FB-labelled neurones. After recording action potentials or voltage-gated K + currents, the sensitivity of each neurone to capsaicin was evaluated. In capsaicin-sensitive FB-labelled neurones, SCI significantly reduced the spike threshold and increased the number of action potentials during membrane depolarization for 800 ms. These SCI-induced changes were reversed by NGFAb. Densities of slow-decaying A-type K + (K A ) and sustained delayed rectifier-type K + currents were significantly reduced by SCI. The NGF-Ab treatment reversed the SCI-induced reduction in the K A current density. These results indicate that NGF plays an important role in hyperexcitability of mouse capsaicin-sensitive C-fibre bladder afferent neurones attributable to a reduction in K A channel activity. Thus, NGF-targeting therapies could be effective for treatment of afferent hyperexcitability and neurogenic lower urinary tract dysfunction after SCI.
INTRODUCTION
Spinal cord injury (SCI) rostral to the lumbosacral level eliminates the voluntary and supraspinal control of voiding, leading initially to areflexic bladder and detrusor-sphincter dyssynergia (DSD), i.e. a loss of co-ordination between detrusor smooth muscle contraction and urethral sphincter relaxation. These conditions induce functional c 2018 The Authors. Experimental Physiology c 2018 The Physiological Society urethral obstruction, reduced voiding efficiency, urinary retention and subsequent bladder wall remodelling that includes hypertrophy, followed by the emergence of neurogenic detrusor overactivity (DO;
de Groat & Yoshimura, 2006 , 2010 , 2012 Samson & Cardenas, 2007) .
It has been demonstrated that the SCI-induced phenotypic change of bladder afferent pathways is the pathophysiological basis of neurogenic lower urinary tract dysfunction (LUTD), such as DO
New Findings

• What is the central question of this study?
Nerve growth factor (NGF) is reportedly a mediator inducing urinary bladder dysfunction. Is NGF directly involved in hyperexcitability of capsaicin-sensitive C-fibre bladder afferent pathways after spinal cord injury (SCI)?
• What is the main finding and its importance?
Neutralization of NGF by anti-NGF antibody treatment reversed the SCI-induced increase in the number of action potentials and the reduction in spike thresholds and A-type K + current density in mouse capsaicin-sensitive bladder afferent neurones. Thus, NGF plays an important and direct role in hyperexcitability of capsaicin-sensitive C-fibre bladder afferent neurones attributable to the reduction in A-type K + channel activity in SCI.
and DSD, after SCI (de Groat & Yoshimura, 2010 , 2012 . Bladder afferent pathways consist of myelinated A -fibres and unmyelinated C-fibres (Hulsebosch & Coggeshall, 1982; Uvelius & Gabella, 1998) .
In normal rats, A -fibre but not C-fibre bladder afferents are involved in evoking the micturition reflex in an awake condition, whereas in chronic SCI rats the excitability of C-fibre bladder afferents is increased, thereby inducing neurogenic DO as evidenced by nonvoiding bladder contraction (NVC) before micturition (de Groat & Yoshimura, 2006) . These phenotypic changes of C-fibre bladder afferent pathways after SCI are supported by animal experiments using capsaicin pretreatment, which can induce desensitization of transient receptor potential (TRP) channel V1 (TRPV1)-expressing afferent pathways (Chuang et al., 2001; Maggi, 1993) . Approximately 80% of neurofilament-poor C-fibre bladder afferent neurones from rats are sensitive to capsaicin (Yoshimura, Erdman, Snider, & de Groat, 1998) , and these capsaicin-sensitive neurones exhibit hyperexcitability after SCI, evident as a decreased threshold for spike activation and increased rate of firing during membrane depolarization (Takahashi et al., 2013; Yoshimura & de Groat, 1997) . In contrast, a small proportion (5%) of neurofilament-rich A -fibre bladder afferent neurones from rats respond to capsaicin (Yoshimura et al., 1998) . Systemic treatment with capsaicin or resiniferatoxin, a more potent analogue of capsaicin, does not affect the initiation of the micturition reflex in normal awake rats but elicits a small increase in bladder capacity in normal urethane-anaesthetized rats (Chuang et al., 2001; Maggi, 1993) . In chronic SCI rats, however, capsaicin almost completely suppresses NVC without affecting the voiding reflex (Cheng & de Groat, 2004; Cheng, Ma, & de Groat, 1995) and reduces DSD (Cheng & de Groat, 2004; Seki et al., 2004) . Our recent study also showed in SCI mice that capsaicin treatment significantly reduces NVC during the storage phase and that capsaicin-sensitive bladder afferent neurones show increased excitability, evident as increased an firing frequency of action potentials during membrane depolarization . Thus, SCI-induced hyperexcitability of capsaicin-sensitive C-fibre bladder afferent pathways is considered to be an important mechanism underlying neurogenic LUTD after SCI.
Neurotrophic factors, including nerve growth factor (NGF), have been implicated as key molecules of pathology-induced changes in C-fibre afferent nerve excitability (de Groat & Yoshimura, 2010 , 2012 Ochodnický, Cruz, Yoshimura, & Michel, 2011) . In normal rats, chronic administration of NGF into the lumbosacral spinal cord or into the bladder induces DO, increases the firing rate of dissociated capsaicin-sensitive bladder afferent neurones due to a reduction of voltage-gated K + channel (KV) activity, and induces hypertrophy of these bladder afferent neurones (Lamb, Gebhart, & Bielefeldt, 2004; Yoshimura et al., 2006; Zvara & Vizzard, 2007) . In SCI rats, NGF levels are increased in the bladder and in the lumbosacral spinal cord and dorsal root ganglia (DRGs; Seki et al., 2002; Vizzard, 2006) , and immunoneutralization of NGF in the lumbosacral spinal cord after SCI decreases DO and DSD in rats (Seki et al., 2002 (Seki et al., , 2004 . Our recent study also showed in SCI mice that an increase of NGF levels in the bladder mucosa and the lumbosacral spinal cord was detected, and systemic immunoneutralization of NGF after SCI, which is similar to the treatment method used in this study, decreased DO in association with the reduction of bladder NGF expression (Wada et al., 2017b (Wada et al., , 2018 . These lines of evidence indicate the involvement of NGF in the SCI-induced emergence of neurogenic LUTD. However, there are no studies directly showing that overexpression of NGF contributes to the changes in electrophysiological properties of bladder afferent neurones after SCI. In the present study, therefore, we examined effects of NGF immunoneutralization on electrophysiological properties of capsaicin-sensitive bladder afferent neurones using SCI mice at 4 weeks after spinal cord transection, which have been used as a chronic SCI model with established DO with bladder afferent hyperexcitability after the initial period of areflexic bladder and urinary retention Wada et al., 2017b Wada et al., , 2018 .
METHODS
Ethical approval
All animal experiments were conducted in accordance with the ARRIVE and US National Institutes of Health guidelines and approved by the institutional animal care and use committees (protocol approval #15086776). Efforts were made to minimize the suffering of the animals and the number of animals needed to obtain reliable results.
Animals
A total of 57 female C57BL/6 mice (9-10 weeks old, weighing 18-22 g; Harlan Laboratories Inc., Indianapolis, IN, USA) were used in this study. They were housed with four animals per cage according to the institutional animal care and use committee's recommendation for humane animal care, maintained in an air-conditioned room at 22-24 • C in a 12 h-12 h light-dark cycle with lights on at 07.00 h, and given food (LabDiet #5P76; LabDiet, St Louis, MO, USA) and water ad libitum.
These mice were randomly divided into the following three groups: spinal intact group (SI; n = 19); spinal cord injury group (SCI; n = 18); and SCI group treated with anti-NGF antibody (NGF-Ab) (SCI+NGF-Ab; n = 20).
Surgery
In the SCI and SCI+NGF-Ab groups, the Th8/Th9 spinal cord of mice was completely transected under isoflurane anaesthesia, as previously described Wada et al., 2017b Wada et al., , 2018 . The bladder of these SCI mice was emptied by abdominal compression once a day after spinal cord transection because our previous study showed that post-injury bladder management after SCI with once a day bladder emptying produces the typical DO evident as NVCs during the storage phase along with bladder NGF overexpression at 4 weeks after SCI (Wada et al., 2017b) . In the SCI+NGF-Ab group, 2 weeks after SCI, an osmotic mini pump (#1002; Alzet Osmotic Pumps, Cupertino, CA, USA) was placed S.C. in the back under isoflurane anaesthesia for continuous delivery of mouse monoclonal NGF-Ab (#L148M; Exalpha Biologicals Inc., Shirley, MA, USA) at 10 g kg −1 h −1 for 2 weeks. The dosage of the antibody was determined according to previous studies (Seki et al., 2002 (Seki et al., , 2004 Wada et al., 2018) and our preliminary experiments. In order to label the population of DRG neurones innervating the bladder, a fluorescent retrograde axonal tracer, Fast-Blue (FB; 1.8% w/w; PolySciences Inc., Warrington, PA, USA), was injected into the bladder wall of all animals under isoflurane anaesthesia 7 days before dissociation of DRG neurones, as previously described Yoshimura et al., 2006) . After each surgery and recovery from an anaesthetic, ketoprofen (5 mg kg −1 , S.C.) was administered to all animals in order to control postoperative pain. Ampicillin (100 mg kg −1 , S.C.) was also administered to all animals for 3 days postsurgery in order to prevent urinary tract infection.
Dissociation of DRG neurones
Four weeks after SCI (SCI and SCI+NGF-Ab groups) or 7 days after the FB injection (SI group), isolated DRG neurones were prepared by enzymatic and mechanical dissociation methods as previously described Yoshimura et al., 2006) with slight modifications. Briefly, L6 and S1 DRGs, which contain cell bodies of bladder afferents carried through the pelvic nerve, were dissected under isoflurane anaesthesia, incubated in a bath for 12 min at 35.4 • C with 5 ml of Dulbecco's modified Eagle's medium (SigmaAldrich, St Louis, MO, USA) containing 0.4 mg ml −1 trypsin (SigmaAldrich), 1 mg ml −1 collagenase (Sigma-Aldrich) and 0.1 mg ml −1 DNase (Sigma-Aldrich). Trypsin inhibitor (Sigma-Aldrich) was then added to neutralize the activity of trypsin. Individual DRG cell bodies were isolated by trituration and plated on poly-L-lysine-coated 35 mm glassbottomed culture dishes. These neurones were maintained in minimal essential medium (Nacalai Tesque Inc., Kyoto, Japan) supplemented with 10% (v/v) of fetal bovine serum (Gibco, Thermo Fisher Scientific, Waltham, MA, USA) and horse serum (Gibco, Thermo Fisher Scientific), 100 U ml −1 penicillin-streptomycin (Gibco, Thermo Fisher Scientific) and 0.5 mg ml −1 DNase at 37 • C in 5% CO 2 and 95% air. After DRG removal, animals were killed by cervical dislocation under isoflurane anaesthesia.
Whole-cell patch-clamp recordings
FB-labelled primary afferent neurones that innervate the bladder were identified using an inverted phase contrast microscope (Nikon, Tokyo, Japan) with fluorescent attachments (UV-1A filter; excitation wave length, 365 nm). Gigaohm-seal whole-cell recordings were performed at room temperature (20-22 • C) on freshly dissociated FB-labelled neurones in a culture dish. All recordings were performed with an Axopatch 200A patch-clamp amplifier (Molecular Devices, Union City, CA, USA) within 24 h after dissociation, and data were acquired and analysed with pCLAMP software (Molecular Devices).
We first evaluated characteristics of action potentials in bladder afferent neurones from mice of each group, as previously described Yoshimura et al., 2006) . 
Data analysis
Cell membrane capacitances were obtained by reading the value for whole-cell input capacitance neutralization directly from the amplifier.
In current-clamp recordings, data are presented from neurones that exhibited resting membrane potentials more negative than −40 mV and action potentials that overshot 0 mV. Durations of action potentials were measured at 50% of the spike amplitude. Thresholds for action potential activation were determined by injection of depolarizing current pulses in 20 pA steps. These data analyses were performed by investigators (S.T., E.T. and J.K.) blinded to experimental conditions. When examining the number of action potentials during an 800 ms membrane depolarization, current intensity was set to the value slightly above the threshold for inducing spike activation with a 60 ms pulse.
In voltage-clamp recordings, the filter was set to −3 dB at 2000 Hz.
Leak currents were subtracted by P/4 pulse protocol, and the series resistance was compensated by 50-60%. The voltage error did not exceed 5 mV after compensation of the series resistance, and the charging time constant of the voltage clamp was <300 s, which was faster than the gating properties of outward K + currents in this study. To correct the K + current densities for cell size, the K + current densities for each cell were normalized with respect to cell membrane capacitances that were obtained by reading the value for whole-cell input capacitance neutralization directly from the amplifier. Data were then analysed with pCLAMP software (Molecular Devices).
Statistical analysis
All values are expressed as means ± SD. Statistical differences were determined using one-way ANOVA, followed by post hoc analysis with the Bonferroni method. Values of P < 0.05 were taken to indicate statistical significance. (Table 1 ). In contrast, the threshold for eliciting action potentials was significantly reduced in neurones from SCI mice compared with neurones from SI mice ( Figure 1a and Table 1 ). Also, the number of action potentials during an 800 ms membrane depolarization in capsaicinsensitive bladder afferent neurones from SCI mice was significantly increased compared with the number in neurones from SI mice ( Figure 1b and Table 1 ). These SCI-induced changes were significantly reversed by 2 weeks of treatment with NGF-Ab (10 g kg −1 h −1 , S.C.) that was started 2 weeks after SCI (Figure 1 and Table 1 ). In addition, the diameter and cell input capacitance of capsaicin-sensitive bladder afferent neurones from SCI mice were significantly greater than those from SI mice (Table 1) ; however, these SCI-induced changes were not affected by the NGF-Ab treatment (Table 1) . Figure 2 shows representative recordings of superimposed and estimated outward K + currents in capsaicin-sensitive bladder afferent neurones from the three groups of mice. Our previous reports indicated that slowly decaying A-type K + (slow K A ) currents in Cfibre bladder afferent neurones are activated by depolarizing voltage steps from hyperpolarized membrane potentials, but these currents are almost completely inactivated when membrane potentials are maintained at a depolarized level of less negative than −40 mV (Yoshimura, White, Weight, & de Groat, 1996) . Therefore, we estimated the density of slow K A currents by measuring the difference in the K + currents evoked by depolarizing voltage pulses from HPs of −120 and −40 mV (Figure 2 ). Densities of both slow K A and sustained delayed rectifier-type K + (sustained K DR ) currents were measured during membrane depolarization to 0 mV in capsaicin-sensitive bladder afferent neurones from the three groups of mice ( Figure 3 ). As shown in Table 1 , the peak density of slow K A currents was obtained by measuring the difference in outward currents evoked from HPs of −40 and −120 mV, and the peak density of sustained K DR currents was measured by evoking a depolarization to 0 mV from an HP of −40 mV. The densities of slow K A and sustained K DR currents were significantly lower in capsaicin-sensitive bladder afferent neurones from SCI mice than those in neurones from SI mice (Table 1 and Figures 2 and 3 ). There were significant differences between the peak densities of slow K A and sustained K DR currents in neurones from SI and SCI mice at depolarizing pulses less negative than −20 mV for slow K A currents and −40 mV for sustained K DR currents (Figure 3 ). Two weeks of treatment with NGF-Ab (10 g kg −1 h −1 , S.C.) that was started 2 weeks after SCI significantly reversed the SCI-induced changes in the density of slow K A currents, but not of sustained K DR currents (Table 1 and Figures 2 and 3).
RESULTS
Effect of NGF-Ab treatment on excitability of bladder afferent neurones from mice with SCI
Effect of NGF-Ab treatment on K + currents in bladder afferent neurones from mice with SCI
DISCUSSION
In the present study, we demonstrated that: (i) capsaicin-sensitive bladder afferent neurones from SCI mice showed hyperexcitability, evident as decreased spike thresholds and an increased firing rate of action potentials compared with neurones from SI mice; (ii) slow K A and sustained K DR current densities of capsaicin-sensitive bladder afferent neurones from SCI mice were decreased compared with those from SI mice; and (iii) immunoneutralization of NGF by NGF-Ab treatment for 2 weeks significantly reversed SCI-induced changes of spike thresholds, firing rate and slow K A current density.
These results indicate that NGF has an essential pathophysiological role in SCI-induced hyperexcitability of capsaicin-sensitive bladder afferent neurones, and that the NGF-induced hyperexcitability might be induced via the reduction of K A channel activity.
Recently, we reported that, in mice, SCI induces a decrease in spike thresholds and an increase in the firing rate of capsaicin-sensitive bladder afferent neurones, and that systemic capsaicin pretreatment decreases the number of NVCs during the storage phase in SCI mice . These data indicate that, similar to rats (Cheng & de Groat, 2004; Cheng et al., 1995; Takahashi et al., 2013) , SCI-induced hyperexcitability of capsaicin-sensitive C-fibre bladder afferent pathways can contribute to the emergence of neurogenic DO after SCI in mice. Furthermore, we recently confirmed that in SCI mice, chronic NGF-Ab treatment starting 2 weeks after SCI normalizes the SCI-induced increase in NGF levels in the bladder mucosa and L6-S1 Spike duration (ms) 3.9 ± 1.2 3.7 ± 1.5 3.1 ± 2.6
Number of spikes (800 ms depolarization) 1.6 ± 1.3 5.5 ± 4.2* 1.9 ± 1.6 † K + current density
Number of cells/mice 23/8 25/9 18/7
Slow decaying K A current density (pA pF −1 ) 45.5 ± 34.8 22.9 ± 15.3* 50.0 ± 31.5 † Sustained K DR current density (pA pF −1 ) 117.4 ± 82.5 51.5 ± 28.8* 58.5 ± 34.1* Values are means ± SD. * P < 0.05 and † P < 0.05, when compared by the Bonferroni method with the SI and SCI group, respectively. Abbreviations: K A , A-type K + ; K DR , delayed rectifier-type K + ; SCI, mice with spinal cord injury; SCI+NGF-Ab, SCI mice treated with anti-NGF antibody (10 g kg −1 h −1 , s.c.) for 2 weeks; and SI, spinal cord-intact mice. Values are means ± SD. * P < 0.05, significant difference between SI and SCI groups, by one-way ANOVA, followed by post hoc analysis with the Bonferroni method. # P < 0.05, significant difference between SCI and SCI+NGF-Ab groups, by one-way ANOVA, followed by post hoc analysis with the Bonferroni method. The number of neurones/mice per group is indicated in parentheses spinal cord and decreases the number of NVCs (Wada et al., 2018) . In the present study, the same NGF-Ab treatment protocol suppressed SCI-induced hyperexcitability in dissociated mouse capsaicin-sensitive bladder afferent neurones, evident as a reversal of the SCI-induced decrease in spike thresholds and an increase in the firing rate of these neurones. Therefore, the present study demonstrated, for the first time, that NGF directly contributes to hyperexcitability of capsaicinsensitive C-fibre bladder afferent neurones, which underlies SCIinduced neurogenic DO.
Spike thresholds and the firing rate of neurones are regulated by K V channel activity. In sensory neurones, K V currents are divided into two major categories, transient K A and sustained K DR currents (Gold, Shuster, & Levine, 1996; Hall, Stow, Sorensen, Dolly, & Owen, 1994; Yang, Takimoto, Hayashi, de Groat, & Yoshimura, 2004; Yoshimura et al., 1996) . Transient K A currents in sensory neurones, including DRG cells, can be subdivided further into at least two subtypes based on their inactivation kinetics, i.e. fast-and slow-decaying K A currents (Akins & McCleskey, 1993; Everill & Kocsis, 1999; Gold et al., 1996; McFarlane & Cooper, 1991) . The slow K A current is preferentially expressed in small-sized DRG neurones that exhibit capsaicin sensitivity and tetrodotoxin-resistant action potentials (Gold et al., 1996; Yoshimura et al., 1996; Yoshimura & de Groat, 1999) . Thus, sustained K DR and slow K A currents can be involved in modulating excitability in small-sized C-fibre afferent neurones. We have already reported that 4-aminopyridine, a K A channel blocker, increases the excitability of rat capsaicin-sensitive bladder afferent neurones, as evidenced by a lower spike threshold and increased firing rate (Yoshimura & de Groat, 1999) , and that the reduction in slow K A currents was also observed in these neurones from SCI rats (Takahashi et al., 2013) . In the present study, we confirmed that the densities of both sustained K DR and slow K A currents are decreased in capsaicinsensitive bladder afferent neurones from SCI mice. These results suggest that the reduction in these K V currents might be one of the key events underlying the hyperexcitability of C-fibre afferent neurones innervating the bladder in SCI mice. In contrast, in SCI rats, the density of slow K A , but not sustained K DR , currents was decreased (Takahashi et al., 2013) ; therefore, it is likely that there are some differences between mice and rats in the mechanisms involved in the changes of K DR channel activities after SCI. This difference will be examined in more detail in future experiments.
In SCI mice, the decreased slow K A current density in capsaicinsensitive bladder afferent neurones was almost completely reversed by a 2 week NGF-Ab treatment started 2 weeks after SCI, whereas the treatment had no effect on the reduction in the sustained K DR current density in these neurones. Furthermore, administration of NGF into the lumbosacral spinal cord in SI rats decreased the density of slow K A , but not sustained K DR , currents in capsaicin-sensitive bladder afferent neurones in rats (Yoshimura et al., 2006) . These findings suggest that increased NGF after SCI is an important mediator of C-fibre bladder afferent neurone hyperexcitability owing to a reduction in K A , but not K DR , channel activity in both mice and rats. However, unlike rats, K DR channel activity seems to be decreased after SCI in mouse capsaicinsensitive bladder afferent neurones by NGF-independent mechanisms.
Brain-derived neurotrophic factor (BDNF) is a neurotrophic factor that enhances the excitability of rat primary sensory neurones by suppressing the K DR current (Zhang, Chi, & Nicol, 2008) . It has also been speculated that BDNF is a mediator of SCI-induced neurogenic LUTD, because BDNF sequestration reduces neurogenic DO in chronic SCI (Frias et al., 2015) . Also, we recently found that in SCI mice, BDNF antibody treatment reversed the SCI-induced increase in BDNF levels in the bladder and suppressed DSD (Wada et al., 2017a) . Therefore, in SCI mice, various neurotrophic factors, including NGF and BDNF, might be intricately involved in the emergence of neurogenic LUTD through a reduction in K V (K DR and K A ) channel activity in C-fibre bladder afferent neurones, although further studies are needed to clarify these points.
After SCI, morphological changes have been detected in bladder afferent neurones. For example, somal hypertrophy is induced by SCI in capsaicin-sensitive bladder afferent neurones, evident as increases in diameter and cell input capacitance, which is proportional to cell surface area Kruse, Bray, & de Groat, 1995; Takahashi et al., 2013; Yoshimura & de Groat, 1997) . In addition, we recently reported, using herpes simplex virus vectors with cell type-specific promoters, that SCI induces expansion of Cfibre bladder afferent neurone populations that express TRPV1 or calcitonin gene-related peptide in mice . These morphological and chemical changes may be induced by NGF because (i) chronic administration of NGF into the lumbosacral spinal cord in SI rats increases the diameter and cell input capacitance of capsaicinsensitive bladder afferent neurones (Yoshimura et al., 2006) , and (ii) autoimmunization against NGF suppresses somal hypertrophy of these neurones in rats with bladder outlet obstruction (Steers, Kolbeck, Creedon, & Tuttle, 1991 , which mimics the functional urethral obstruction induced by DSD in SCI. In the present study, however, chronic NGF-Ab treatment did not alter the SCI-induced increases in diameter and cell input capacitance in mouse capsaicinsensitive bladder afferent neurones.
A limitation of the present study is the delay in the start of the NGF-Ab treatment. The antibody treatment was started 2 weeks after SCI in the present study, whereas somal hypertrophy was detected in bladder afferent neurones from SI rats after 2 weeks of NGF treatment (Yoshimura et al., 2006) . If somal hypertrophy was already established before starting the antibody treatment in SCI mice, the timing of intervention might be unable to reverse SCIinduced morphological changes in mouse capsaicin-sensitive bladder afferent neurones. Therefore, it is necessary to examine a timedependent effect of NGF-Ab treatment for SCI-induced morphological and functional changes in mouse bladder afferent neurones in future.
In summary, our results indicate that NGF plays an important role in hyperexcitability of capsaicin-sensitive bladder afferent neurones owing to the reduction in K A channel activity in SCI mice. The results provide evidence that NGF-targeting therapies might be effective for treatment of the afferent hyperexcitability and neurogenic LUTD in SCI.
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